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Purpose:

ÅThis chart book provides a summary of information that addresses the 
occurrence of Legionnaires' Disease in Genesee County, Michigan, with a focus on 
2014-2015. It describes patient information that has been obtained after the 
2014-нлмр ƻǳǘōǊŜŀƪǎ ƻŦ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ŀƴŘ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ŎŀǎŜǎ ƛƴ нлмс-
2017

ÅData that support this document are the product of the enhanced surveillance 
associated with an outbreak investigation. Beyond traditional passive disease 
surveillance, outbreak investigations involve the collection of additional 
information from patients that are related to the outbreak. This process can 
include information from numerous sources, including supplemental patient 
interviews, intensive review of medical records, and data available from death 
certificate review. The information is compiled and analyzed to better describe 
the outbreak and potential sources of infection 

ÅVisualizations were created to assist in understanding the epidemiology of the 
cases and summarize what is now known regarding exposures in Genesee County
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Information for this report includes data that were made available to the Michigan Department of Health and 
Human Services (MDHHS) subsequent to the 2014-2015 outbreak. This report includes information gleaned from 
review of completed medical records, inherently delayed vital record (death certificate) information, laboratory 
testing summaries, and environmental testing information that were either not compiled or not provided to the 
MDHHS in 2014-2015. 
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Legionellosis ςBackground

ÅLegionellais a type of bacteria that normally lives in wet and warm environments 

ÅLegionella can be routinely found in man-made water systems, as well as in most 
natural fresh-water sources and soil1

ÅInfection most commonly occurs from inhaling Legionella-containing water particles
ÅMost individuals infected with Legionellabacteria never develop symptoms of disease 
ÅPontiac Fever is rarely diagnosed since the mild symptoms lead few seek to medical attention
ÅLegionnaires' Disease is pneumonia from Legionellabacteria

ÅMost people who develop Legionnaires' Disease have one or more health risk factors2Σ ǎǳŎƘ ŀǎ ŀƎŜ җрл ȅŜŀǊǎΣ 
smoking (current and prior use), chronic lung disease (COPD, emphysema), a weakened immune system, 
systemic malignancy, diabetes, kidney disease, or liver disease2,3

ÅLegionella pneumophila, serogroup 1 is the Legionella bacteria that most frequently causes 
Legionnaires' Disease
Åaƻǎǘ ƛƴŘƛǾƛŘǳŀƭǎ ǿƘƻ ŘŜǾŜƭƻǇ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ŦǊƻƳ Legionellabacteria other than Legionella 

pneumophilaserogroup 1 (non-Lp1) have a weakened immune system from underlying disease or medication 
use3

1van Heijnsbergen E, et al. Confirmed and potential sources of Legionella reviewed. Environ Sci Technol. 2015, 49: 4797-4815.
2/5/Φ ²Ƙŀǘ ŎƭƛƴƛŎƛŀƴǎ ƴŜŜŘ ǘƻ ƪƴƻǿ ŀōƻǳǘ [ŜƎƛƻƴƴŀƛǊŜǎΩ ŘƛǎŜŀǎŜΦ wŜǘǊƛŜǾŜŘ тκмпκнлмт ŦǊƻƳ https://www.cdc.gov/legionella/downloads/fs-legionella-clinicians.pdf(last updated 5/15/2017).
3.ǳǊƛƭƭƻ !Σ Ŝǘ ŀƭΦ aƛŎǊƻōƛƻƭƻƎȅ ŀƴŘ ŜǇƛŘŜƳƛƻƭƻƎȅ ƻŦ [ŜƎƛƻƴƴŀƛǊŜǎΩ ŘƛǎŜŀǎŜΦ Infect Dis Clin N Am. 2017;31:7-27.
4Donohue M, et al. Widespread molecular detection of Legionella pneumophila serogroup 1 in cold water taps across the United States. Envron Sci Technol. 2014;48:3145-3152.
5Kruse E, et al. Prevalence and distribution of Legionella spp in potable water systems in Germany, risk factors associated with contamination, and effectiveness of thermal disinfection. Am J Infect Control. 2016;44:470-474.
6Travis TC, et al. Survey of Legionella species found in Thai soil. Intl J Micro. 2012, Article ID 218791.
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Legionella is a type of bacteria that normally lives in wet and warm environments. Legionella can be routinely 
found in man-made water systems, as well as in most natural fresh-water sources and soil1. 
 
Infection with Legionella bacteria most commonly occurs from inhalation of Legionella-containing water particles, 
but can also occur due to aspiration (breathing in water as you drinking). 
 
Most individuals infected with Legionella bacteria never develop symptoms of disease. Others may develop 
Pontiac Fever, which is rarely diagnosed since the mild symptoms lead few seek to medical attention. 
 
Legionella ƛƴŦŜŎǘƛƻƴ Ŏŀƴ ƭŜŀŘ ǘƻ ŀ ŘƛŀƎƴƻǎƛǎ ƻŦ ǇƴŜǳƳƻƴƛŀ ŎŀƭƭŜŘ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜΦ aƻǎǘ ǇŜƻǇƭŜ ŘƛŀƎnosed 
ǿƛǘƘ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ƘŀǾŜ ƻƴŜ ƻǊ ƳƻǊŜ ƘŜŀƭǘƘ Ǌƛǎƪ ŦŀŎǘƻǊǎ2Φ 9ǎǘŀōƭƛǎƘŜŘ Ǌƛǎƪ ŦŀŎǘƻǊǎ ƛƴŎƭǳŘŜ ŀƎŜ җрл ȅŜŀǊǎΣ 
smoking (current and former smoking), chronic lung disease (COPD, emphysema), disorders or medication use 
leading to a weakened immune system, systemic malignancy (cancer), diabetes, kidney disease, or liver disease2,3. 
 
Legionella pneumophila serogroup 1 (Lp1) is the Legionella bacteria that most frequently causes Legionnaires' 
5ƛǎŜŀǎŜΦ aƻǎǘ ƛƴŘƛǾƛŘǳŀƭǎ ǿƘƻ ŘŜǾŜƭƻǇ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ŦǊƻƳ ƻǘƘŜǊ ǘȅǇŜǎ ƻŦ Legionella bacteria (i.e., non-
Lp1) have a weakened immune system from underlying disease or medication use3. 
 
 
Sources:  
(1) van Heijnsbergen E, et al. Confirmed and potential sources of Legionella reviewed. Environ Sci Technol. 2015, 49: 4797-4815. 
(2) Centers of Disease Control and Prevention. What clinicians need to know about Legionnaires' Disease. Retrieved 7/14/2017 from 
https://www.cdc.gov/legionella/downloads/fs-legionella-clinicians.pdf (last updated 5/15/2017). 
(3) Burillo A, et al. Microbiology and epidemiology of Legionnaires' Disease. Infect Dis Clin N Am. 2017;31:7-27. 
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Legionellosis ςBackground 2

ÅIdentification of Legionellabacteria from a source does not necessarily 
indicate a risk for human disease1

ÅCommon sources of transmission to humans include showers/faucets, cooling 
towers, hot tubs, fountains, hot water tanks, and large plumbing systems1-5

ÅSources never or rarely associated with human disease include surface water 
(lakes, rivers), groundwater, rain, or natural soil1,3,6

ÅDiagnostic tests used to identify Legionellabacteria in clinical specimens 
include urinary antigen testing for Lp1, culture, paired serology, direct 
fluorescent antibody (DFA) testing, and polymerase chain reaction (PCR) 
testing3

1van Heijnsbergen E, et al. Confirmed and potential sources of Legionella reviewed. Environ Sci Technol. 2015, 49: 4797-4815.
2/5/Φ ²Ƙŀǘ ŎƭƛƴƛŎƛŀƴǎ ƴŜŜŘ ǘƻ ƪƴƻǿ ŀōƻǳǘ [ŜƎƛƻƴƴŀƛǊŜǎΩ ŘƛǎŜŀǎŜΦ wŜǘǊƛŜǾŜŘ тκмпκнлмт ŦǊƻƳ https://www.cdc.gov/legionella/downloads/fs-legionella-clinicians.pdf(last updated 5/15/2017).
3.ǳǊƛƭƭƻ !Σ Ŝǘ ŀƭΦ aƛŎǊƻōƛƻƭƻƎȅ ŀƴŘ ŜǇƛŘŜƳƛƻƭƻƎȅ ƻŦ [ŜƎƛƻƴƴŀƛǊŜǎΩ ŘƛǎŜŀǎŜΦ Infect Dis Clin N Am. 2017;31:7-27.
4Donohue M, et al. Widespread molecular detection of Legionella pneumophila serogroup 1 in cold water taps across the United States. Envron Sci Technol. 2014;48:3145-3152.
5Kruse E, et al. Prevalence and distribution of Legionella spp in potable water systems in Germany, risk factors associated with contamination, and effectiveness of thermal disinfection. Am J Infect Control. 2016;44:470-474.
6Travis TC, et al. Survey of Legionella species found in Thai soil. Intl J Micro. 2012, Article ID 218791.
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Identification of Legionella bacteria from a source does not necessarily indicate a risk for human disease1. 
Common sources of transmission to humans include showers/faucets, cooling towers, hot tubs, fountains, hot 
water tanks, and large plumbing systems1-5. Sources never or rarely associated with human disease include 
surface water (lakes, rivers), groundwater, rain, or natural soil1,3,6. 
 
Diagnostic tests used to identify Legionella bacteria in clinical specimens include urinary antigen testing (UAT) for 
Legionella pneumophila serogroup one (Lp1), as well as culture, paired serology, direct fluorescent antibody 
(DFA) testing, and polymerase chain reaction (PCR) testing3 which can pick up many types of Legionella.   
 
 
Sources:  
(1) van Heijnsbergen E, et al. Confirmed and potential sources of Legionella reviewed. Environ Sci Technol. 2015, 49: 4797-4815. 
(2) Centers of Disease Control and Prevention. What clinicians need to know about Legionnaires' Disease. Retrieved 7/14/2017 from 
https://www.cdc.gov/legionella/downloads/fs-legionella-clinicians.pdf (last updated 5/15/2017). 
(3) Burillo A, et al. Microbiology and epidemiology of Legionnaires' Disease. Infect Dis Clin N Am. 2017;31:7-27. 
(4) Donohue M, et al. Widespread molecular detection of Legionella pneumophila serogroup 1 in cold water taps across the United States. Envron Sci Technol. 
2014;48:3145-3152. 
(5) Kruse E, et al. Prevalence and distribution of Legionella spp in potable water systems in Germany, risk factors associated with contamination, and 
effectiveness of thermal disinfection. Am J Infect Control. 2016;44:470-474. 
(6) Travis TC, et al. Survey of Legionella species found in Thai soil. Intl J Micro. 2012, Article ID 218791. 
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bŀǘƛƻƴǿƛŘŜΣ ǘƘŜ ǊŀǘŜ ƻŦ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ŎŀǎŜǎ Ƙŀǎ ǊƛǎŜƴ ǎǳōǎǘŀƴǘƛŀƭƭȅ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎΣ increasing by 286 
percent between 2000 and 2014. Michigan experienced a 375 percent increase in the rate between 2000 and 
2016, or about a 13 percent ŀƴƴǳŀƭ ƛƴŎǊŜŀǎŜΦ aƛŎƘƛƎŀƴΩǎ ƘƛƎƘŜǎǘ ƛƴŎƛŘŜƴŎŜ ǊŀǘŜ ƻŎŎǳǊǊŜŘ ƛƴ нлмо όнΦтр 
[ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ŎŀǎŜǎ ǇŜǊ мллΣллл ǇƻǇǳƭŀǘƛƻƴύΣ ǿƛǘƘ ǎŜŎƻƴŘ ƘƛƎƘŜǎǘ ǊŀǘŜ ƛƴ нлмс όнΦтм ǇŜǊ мллΣллл 
population). 
 
The reasons for increasing rates of Legionnaires' Disease are likely multifactorial including: 

¶ Increased use of diagnostic testing due to an increase in clinician awareness and testing availability* 

¶ Improved reporting of the disease to public health 

¶ ¢ǊǳŜ ƛƴŎǊŜŀǎŜ ƛƴ ŦǊŜǉǳŜƴŎȅ ƻŦ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ŘǳŜ ǘƻΥ 
o Increase in number of persons with medical conditions or immunocompromising medications that 

put them at high risk for Legionnaires' Disease 
o Increase in number of persons at high risk due to an overall aging population 
o Aging plumbing infrastructure 
o Changes in climate 

 
*No reliable method has been identified for determining the relative contribution of increases in Legionella 
diagnostic testing to overall trends of Legionnaires' Disease rates. 
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Legionellosis Case Definition

ÅClinical Description
ÅLegionellosis is associated with two clinically and epidemiologically distinct 
ƛƭƭƴŜǎǎŜǎΥ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜΣ ǿƘƛŎƘ ƛǎ ŎƘŀǊŀŎǘŜǊƛȊŜŘ ōȅ ŦŜǾŜǊΣ ƳȅŀƭƎƛŀΣ 
cough, and clinical or radiographic pneumonia, and Pontiac Fever, a milder 
illness without pneumonia

ÅLaboratory Criteria for Diagnosis
ÅConfirmed
ÅBy culture: isolation of anyLegionellaorganism from respiratory secretions, lung tissue, 

pleural fluid, or other normally sterile fluid
ÅBy detection ofLegionella pneumophilaserogroup 1 antigen in urine using validated 

reagents
ÅBy seroconversion: fourfold or greater rise in specific serum antibody titer toLegionella 

pneumophilaserogroup 1 using validated reagents
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From a public health perspective, a case of Legionellosis is defined based on clinical information provided by 
health care providers and laboratories.  
 
The surveillance case definition is a set of uniform criteria used to define a disease for public health surveillance. 
Surveillance case definitions enable public health officials to classify and count cases consistently across reporting 
jurisdictions. Every year, case definitions are updated with the U.S. Centers for Disease Control and Prevention 
(CDC) using Position Statements developed by the Council of State and Territorial Epidemiologists (CSTE). They 
provide uniform criteria of national notifiable infectious and non-infectious conditions for reporting purposes 
(https://wwwn.cdc.gov/nndss/conditions/notifiable/2018/infectious-diseases/). 
 
Confirmation of Legionellosis is defined as a case of illness who demonstrates the symptoms of the disease AND 
has laboratory determination of the presence of the causative organism (Legionella).   
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Culture Testing

ÅA sputum culture is a test to detect and identify bacteria or fungi that 
infect the lungs or breathing passages. Sputum is a thick fluid 
produced in the lungs and in adjacent airways. A sample of sputum is 
placed in a sterile container and sent to the laboratory for testing

ÅThe experience of laboratory staff is also important, and laboratories 
experienced at Legionellaculture are more likely to recover the 
organism

wŜƭƭŜǊΣ [Φ  .ŀǊǘƘΣ ²ŜƛƴǎǘŜƛƴΣ aŜƭǾƛƴ tΦΣ ŀƴŘ aǳǊŘƻŎƘΣ 5ŀǾƛŘ wΦ ά5ƛŀƎƴƻǎƛǎ ƻŦ [ŜƎƛƻƴŜƭƭŀ LƴŦŜŎǘƛƻƴέ Clinical Infectious Diseases Volume 36, Issue 1, 1 January 2003, Pages 64ς69
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Obtaining material (i.e. sputum) from patients that can be cultured for Legionella growth in the laboratory is 
important for two reasons. First, cultures can identify any additional serogroups of Legionella that may not have 
been detected by urine antigen testing.   
 
Secondly, clinical isolates that are cultured from patients can be compared to environmental isolates obtained 
from water in fountains, cooling towers and hospital water systems, to enhance epidemiologic findings with 
laboratory matches at the genetic level for the organism.   
 
During the outbreaks of 2014 and 2015, the public health community strongly encouraged that ALL Genesee 
County hospitals obtain a sputum specimen at the time of urine collection for UAT for ALL patients in the 
ǊŜŎƻƎƴƛȊŜŘ Ǌƛǎƪ ŎŀǘŜƎƻǊƛŜǎ ŦƻǊ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜΦ 
 
 
{ƻǳǊŎŜΥ wŜƭƭŜǊ [.Σ ²ŜƛƴǎǘŜƛƴ atΣ ŀƴŘ aǳǊŘƻŎƘ 5wΦ ά5ƛŀƎƴƻǎƛǎ ƻŦ Legionella LƴŦŜŎǘƛƻƴέ /ƭƛƴƛŎŀƭ LƴŦŜŎǘƛƻǳǎ 5ƛǎŜŀǎŜǎ ±ƻƭǳƳŜ осΣ LǎǎǳŜ мΣ м WŀƴǳŀǊȅ нллоΣ tŀƎŜǎ 
64ς69 
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Potential cases of Legionnaires' Disease are identified through laboratory testing by health care providers. Cases 
are referred for public health assessment by the healthcare and laboratory communities via the Michigan Disease 
Surveillance System (MDSS). When referrals are made (either manually via a web portal or via automated 
electronic transmission), they are immediately geocoded and assigned to the appropriate local health jurisdiction 
for follow-up. The MDSS automatically refers potential cases of Legionnaires' Disease detected in Genesee 
County residents to the County Health Department.   
 
Interviews are conducted of case patients (or their proxies if the patient is too ill to be interviewed) to gather 
information about disease onset and any exposure to potential sources of Legionella (such as water towers). 
Information on symptom onset, patient residence, recent health care received, recent travel, and other variables 
ŀǊŜ ŎƻƭƭŜŎǘŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ŎŀǎŜ ǇŀǘƛŜƴǘΩǎ ƘƛǎǘƻǊȅΦ  The data collected about each case is entered into the 
MDSS and reviewed at state and local level to identify changes in trends of disease and potential outbreaks, as 
well as identify potential sources of infections. 
 
The sooner patient interviews are completed by local public health staff and entered into the system, the sooner 
exposures can be evaluated to better understand trends and commonalities of exposure. Significant delays in the 
conduct of interviews slow down the identification of exposures that could be remediated to prevent other 
people from becoming infected. Further, delays can contribute to recall bias, as patients will recall less about 
ǘƘŜƛǊ ŜȄǇƻǎǳǊŜǎ ǇǊƛƻǊ ǘƻ ƛƭƭƴŜǎǎ ƻƴǎŜǘ ƛŦ ǘƘŜ ǇŀǘƛŜƴǘ ƛƴǘŜǊǾƛŜǿ ƛǎ ŎƻƴŘǳŎǘŜŘ ƳƻƴǘƘǎ ǾǎΦ Řŀȅǎ ŀŦǘŜǊ ǘƘŜ ǇŀǘƛŜƴǘΩǎ 
diagnosis. Delay also increases the risk that a patient will be lost to follow-up, as the challenge of tracking down 
patients to conduct interviews increases with time.   
 
For 2014, during the first wave of illness, an average of 201 days passed between the MDSS referral of the patient 
to Genesee County Health Department and completion of patient interviews. Genesee County Health 
Department failed to accept the MDHHS offer of assistance and failed to complete patient interviews in a timely 
manner. In 2015, when MDHHS staff were assisting, patient interviews were completed an average of 4.6 days 
after referral, with a median of one day. 
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An outbreak may be suspected when there is a significant increase in cases reported or a common exposure(s) is 
identified. An enhanced public health investigation is undertaken to identify a potential source(s) of Legionella 
exposures that can cause infection. The information from initial interviews informs the development of outbreak 
specific questionnaires, further examination of data, and analysis. This process evolves as information is found 
out about cases and potential exposures.  
 
The enhanced investigation in response to the 2014 and 2015 Genesee County outbreak included the collection 
of a substantial amount of additional data, much of which was not readily-available during the initial 
investigation. Data were collected to identify any Legionella exposures patients may have had during their 
incubation period - the time window when the exposure to the Legionella bacteria that infected the patient 
would have occurred. Of particular concern are buildings that are at higher risk of harboring and transmitting 
Legionella ǘƻ ǇŜƻǇƭŜΣ ŘǳŜ ǘƻ ǘƘŜ ōǳƛƭŘƛƴƎΩǎ ǎǘǊǳŎǘǳǊŜΣ ǎƛȊŜΣ ŀƎŜΣ ƻǊ ƭƻŎŀǘƛƻƴΣ ǎǳǊǊƻǳƴŘƛƴƎ ŎƻƴŘƛǘƛƻƴǎΣ ƻǊ 
susceptibilities of people found within. For example, buildings with more than ten stories and health care 
facilities are at particular risk of transmitting Legionella ǘƻ ǇŀǘƛŜƴǘǎΦ ¢ƘŜ ƪŜȅ ǘƻ ǇǊŜǾŜƴǘƛƴƎ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ƛǎ 
for building owners and managers to maintain building water systems to reduce the risk of Legionella growth and 
spread.   
 
The enhanced investigation in 2014-2015 Genesee County outbreak focused on key objectives that required 
multiple data collection and review steps:  
 

Objective One: Identify status of exposure to high risk settings and buildings for all cases. 

¶ Interview patients with extended questionnaire, re-interview patients with incomplete data. 

¶ Gather additional medical records, including death certificates, whenever available. 

¶ Review additional data from hospital infection control.  

¶ Review health insurance billing claims data for some patients unable to be interviewed. 
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Objective Two: Assess place of residence during incubation period for all cases. 

¶ Geocode all incubation period residential locations onto a map of the Flint water system. We did not 
include acute care healthcare facilities as places of residence. 

¶ Compare addresses with residences receiving Flint water (including outside Municipal boundary). 

¶ Compare case addresses with utility billing records for the incubation period. 

¶ Review historical water use data by residential address, obtained from the City of Flint. 
 

State and local public health reviewed supplemental data to describe trends in disease incidence and identify 
potential sources of Legionella infection.  
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Other Outbreak Investigation Case Definitions
ÅConfirmed case1: laboratory confirmation of Legionellain a person with 

clinical illness compatible with Legionellosis

ÅSporadic case: Legionellosis case with no common exposures to other 
Legionellosis cases

ÅHealthcare-associated case1-3: A person who visited, worked, or stayed in a 
hospital in Genesee County as an inpatient, outpatient, visitor, or employee 
during 2 weeks prior to Legionellosis symptom onset date
ÅPossible healthcare-associated: Any health care facility exposure for a portion of 14 

days3 preceding symptom onset
ÅDefinite healthcare-associated: Continuous exposure to a hospital or long-term care 

facility for the entire 14 days3 preceding symptom onset

1https://wwwn.cdc.gov/nndss/conditions/legionellosis/case-definition/2005/. Accessed June 16, 2017.
2Soda EA, Barskey AE, Shah PP, et al. Vital Signs: Health Careς!ǎǎƻŎƛŀǘŜŘ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ {ǳǊǾŜƛƭƭŀƴŎŜ 5ŀǘŀ ŦǊƻƳ нл {ǘŀǘŜǎ and a Large Metropolitan Area τUnited States, 2015. MMWR Morb Mortal Wkly Rep 2017;66:584ς589. DOI: 
http://dx.doi.org/10.15585/mmwr.mm6622e1.
3http://www.michigan.gov/documents/mdhhs/Legionellosis_investigation_guidance_070516_530365_7.pdf. Accessed June 16, 2017.
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3http://www.michigan.gov/documents/mdhhs/Legionellosis_investigation_guidance_070516_530365_7.pdf. Accessed June 16, 2017.
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The definitions above were used to determine different types of cases, including confirmed cases, sporadic cases 
and health care associated-cases. National definitions were used, including from the Council of State and 
Territorial Epidemiologists. 
 
 
Sources:  
(1) https://wwwn.cdc.gov/nndss/conditions/legionellosis/case-definition/2005/. Accessed June 16, 2017. 
(2) Soda EA, Barskey AE, Shah PP, et al. Vital Signs: Health CareςAssociated LegiƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ {ǳǊǾŜƛƭƭŀƴŎŜ 5ŀǘŀ ŦǊƻƳ нл {ǘŀǘŜǎ ŀƴŘ ŀ [ŀǊƎŜ aŜǘǊƻǇƻƭƛǘŀƴ 
Area τ United States, 2015. MMWR Morb Mortal Wkly Rep 2017;66:584ς589. DOI: http://dx.doi.org/10.15585/mmwr.mm6622e1. 
(3) http://www.michigan.gov/documents/mdhhs/Legionellosis_investigation_guidance_070516_530365_7.pdf. Accessed June 16, 2017. 
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Timing Investigation Definitions

ÅIncubation Period: the 14 days prior to Legionnaires' Disease 
symptom onset

ÅOnset Date: Date of onset of the first symptom(s) consistent with a 
diagnosis of Legionnaires' Disease

ÅReferral Date: Date that the case was reported to public health by the 
diagnosing healthcare facility, laboratory or provider

ÅOutbreak Associated Death: confirmed case of Legionellosis who 
passed away during their treatment, within thirty days of discharge, 
ŀƴŘκƻǊ ƘŀŘ [ŜƎƛƻƴƴŀƛǊŜΩǎ 5ƛǎŜŀǎŜ ƭƛǎǘŜŘ ŀǎ ŀ ŎƻƴǘǊƛōǳǘƛƴƎ ŦŀŎǘƻǊ ƻƴ 
death certificate
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Outbreak specific definitions were also determined for incubation period, onset date of first symptoms, MDSS 
referral date, and outbreak associated death.  
 
LƴŎǳōŀǘƛƻƴ tŜǊƛƻŘ ŦƻǊ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ƛǎ ǳǎǳŀƭƭȅ ǘƘŜ мл Řŀȅǎ ǇǊƛƻǊ ǘƻ ǎȅƳǇǘƻƳ ƻƴǎŜǘΦ 5ǳǊƛƴƎ ƻǳǘōǊŜŀƪ 
investigations, it is routine to consider an incubation period of up to 14 days prior to symptom onset as defined 
by the Centers for Disease Control and Prevention.  
 
Onset date is the date that the first symptoms of Legionnaires' Disease are recognized, such as malaise, fever, or 
ŎƻǳƎƘΦ hƴǎŜǘ ŘŀǘŜ ƛǎ ƛŘŜƴǘƛŦƛŜŘ ŦǊƻƳ ǘƘŜ ŎŀǎŜ ƛƴǘŜǊǾƛŜǿ ƻǊ ŦǊƻƳ ƴƻǘŜǎ ƛƴ ǘƘŜ ŎŀǎŜΩǎ ƳŜŘƛŎŀƭ ǊŜŎƻǊŘǎΦ   
 
Referral Date is the date that the case was reported to public health by the diagnosing healthcare facility, 
laboratory or provider. Referral Date will be the most complete dates for any reportable disease, given that any 
reported case must have a referral date as a prerequisite to entry into the Michigan Disease Surveillance System.  
 
Outbreak Associated Death are deaths that occurred to a case of Legionnaires' Disease. Patients who passed 
away during their treatment, within thirty days of being discharged from the health care facility, or who had 
[ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ƭƛǎǘŜŘ ŀǎ ŀ ŎƻƴǘǊƛōǳǘƛƴƎ ŦŀŎǘƻǊ ƻƴ ǘƘŜƛǊ ŘŜŀǘƘ ŎŜǊǘƛŦƛŎŀǘŜ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ƘŀǾŜ ƘŀŘ ŀƴ 
outbreak associated death.    
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Geographic Definitions for Exposures

ÅResidential exposure variables
ÅFlint water: Primary non-hospital during the incubation period (10-14 days 

preceding symptom onset, for non-outbreak and outbreak settings, 
respectively) at a location actively receiving Flint municipal water

ÅNon-Flint water: Primary non-hospital residential address during the 
incubation period (10-14 days preceding symptom onset, for non-outbreak 
and outbreak settings, respectively) at a location serviced by a source of 
water other than Flint municipal water
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The geographic definitions for residential exposure variables above are specific to this outbreak in Genesee 
County. 
 
Information about where a Legionnaires' Disease patient was living during their incubation period was mapped to 
determine if the residence was served by the Flint water system or not. A residence not on Flint water could 
receive water from another municipal system or community water supply or from a private drinking water well.     
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Other definitions

ÅEnvironmental Isolate: Bacteria grown from a sample collected from a 
suspected source of infection (e.g., building water system sample) 

ÅClinical Isolate: Bacteria grown from a specimen (e.g., sputum) 
collected from a patient 

ÅUAT: Legionellaurinary antigen test detects the presence of antigen 
specific to Legionella pneumophila serogroup 1, the most common 
bacterial causing human illness, accounting for ~80% of Legionellosis 
cases

Other definitions

ÅEnvironmental Isolate: Bacteria grown from a sample collected from a 
suspected source of infection (e.g., building water system sample) 

ÅClinical Isolate: Bacteria grown from a specimen (e.g., sputum) 
collected from a patient 

ÅUAT: Legionellaurinary antigen test detects the presence of antigen 
specific to Legionella pneumophila serogroup 1, the most common 
bacterial causing human illness, accounting for ~80% of Legionellosis 
cases
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Culture Testing Submissions From Hospitals

2014 ς2015 Legionnaires' Disease Cases in Genesee County, Michigan 
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Hospital of Diagnosis*
(by year of onset)

Confirmed 
LD patients 
reported

LD patients with 
any sputum culture 

collectedϞ

[5 ǇŀǘƛŜƴǘǎΩ ǎǇǳǘǳƳ
culture for 
LegionellaϞ

Samples submitted to 
MDHHSBOL or CDC

Samples with viable 
isolates (Legionellagrew)

2014

McLaren Flint 17 1 (6%) - - -

Hurley 13 1 (8%) - - -

Genesys 5 - - - -

Hospitals outsideGenesee County 5 - - - -

2015

McLaren Flint 31 16 (52%) 6 (19%) 2 (6%) 1 (3%)

Hurley 3 3 (100%) 3 (100%) 3 (100%) 3 (100%)

Genesys 12 9 (75%) 4 (25%) 7 (58%) 4 (25%)

Hospitals outsideGenesee County 4 - - - -

2016

McLaren Flint 5 1 (20%) 1 (20%) 1 (20%)

Hurley 5 3 (60%) 3 (60%) 3 (60%)

Genesys 6 3 (50%) 3 (50%) 1 (17%)

Hospitals outsideGenesee County 1 - - -

*Guidance on respiratory sample culturing was targeted to the 3 Genesee County hospitals.  ϞBased on review of available medical records, which 
may be incomplete.  - = Zero samples collected/submitted

Collection and Submission of Sputum Samples from Genesee County Patients 
ǿƛǘƘ /ƻƴŦƛǊƳŜŘ [ŜƎƛƻƴƴŀƛǊŜǎΩ Disease (LD), 2014ς2016
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During an outbreak, hospitals should obtain a sputum sample from every suspected Legionnaires' Disease 
patient. The table above provides the number of patients each hospital treated, the number of sputum samples 
each hospital obtained (either respiratory or specifically for Legionella testing), the number of samples that were 
shared with the state health department laboratory to determine what type of bacteria were in the sample, and 
the number of submitted samples which were found to be testable in the State laboratory. Knowing the detailed 
analysis of the bacteria in the samples can help understand where people were infected and what needs to be 
done to prevent further infections. 
 
NO specimens were provided to the MDHHS Bureau of Laboratories (BOL) from any of the 2014 cases of 
[ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ƛƴ DŜƴŜǎŜŜ /ƻǳƴǘȅΦ   
 
Twelve sputum specimens/isolates were delivered to the BOL from cases in 2015. Of the 12, eight were viable 
(testable). Four were found to be non-viable (i.e., no growth in laboratory or the sample contained contaminated, 
untestable isolates). 
 

¶ Hurley Hospital submitted samples to BOL from 100 percent of the Legionnaires' Disease patients treated 

at their facility; Genesys Regional Medical Center provided samples for 58 percent of patients. 

¶ While McLaren Flint treated 31 patients for Legionnaires' Disease in 2015 and collected 16 sputum 

samples, only two samples were submitted by McLaren Flint Hospital to MDHHS BOL (six percent). 

o These two specimens were from two of the earliest patients treated at the hospital in 2015 and were 

submitted before the general increase in cases was recognized (June 2015). After that point, no 

subsequent samples were received by BOL, even as patient counts increased dramatically through 

early August 2015. It would have been clear to the hospital that many of these patients had been 

recently treated in McLaren Flint Hospital. 

o Throughout 2014-2015, no environmental isolates from any positive environmental tests of the 

aŎ[ŀǊŜƴ CƭƛƴǘΩǎ ǇƻǘŀōƭŜ ǿŀǘŜǊ ǎȅǎǘŜƳ ǿŜǊŜ ǎǳōƳƛǘǘŜŘ ǘƻ .h[ ƻǊ ǊŜǘŀƛƴŜŘ ōȅ aŎ[ŀǊŜƴ IƻǎǇƛǘŀƭ ŦƻǊ 
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comparison to clinical specimens. Four samples were provided from two external cooling towers in 

August 2015.  

o Genesee County Health Department reported to MDHHS that GCHD staff had directed that McLaren 

Hospital retain any isolates for further testing at a later date.  
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Total Confirmed Cases: 90

2014 - 40
2015- 50

Age

Range: 26-94 years (Median: 65.5 years; Mean: 65.4 years)

Sex

Male: 47 (52.2%)

Female: 43 (47.8%)

Health Risk Factors

Underlying medical conditions: 62/74 (83.8%)
(16 individuals have an unknown underlying medical 
condition status)

Current/former smoker: 57/73 (78.1%)
(17 individuals have an unknown smoking status)

Not a current/former smoker and no known underlying 
medical conditions: 3/73 (4.1%)

2014-2015 / 2016-2017 Legionnaires' Disease in Genesee County
Demographic Data

Total Confirmed Cases: 30
2016 - 17
2017 - 13

Age
Range: 39-90 years (Median: 60 years; Mean: 62.1 years)

Sex
Male: 15 (50%)
Female: 15 (50%)

Health Risk Factors
Å Underlying medical conditions: 22 (73.3%)
Å Current/former smoker: 23 (76.7%)
Å Not a current/former smoker and no known 

underlying medical conditions: 2 (6.7%)

2014-2015 2016-2017
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Underlying medical conditions: 62/74 (83.8%)
(16 individuals have an unknown underlying medical 
condition status)

Current/former smoker: 57/73 (78.1%)
(17 individuals have an unknown smoking status)

Not a current/former smoker and no known underlying 
medical conditions: 3/73 (4.1%)
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Demographic Data
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2016 - 17
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Age
Range: 39-90 years (Median: 60 years; Mean: 62.1 years)

Sex
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Female: 15 (50%)

Health Risk Factors
Å Underlying medical conditions: 22 (73.3%)
Å Current/former smoker: 23 (76.7%)
Å Not a current/former smoker and no known 

underlying medical conditions: 2 (6.7%)
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In 2014-2015, there were 90 confirmed cases of Legionnaires' Disease in Genesee County. In 2016-2017, there 
were 30 confirmed cases. The age range for cases in 2014 and 2015 outbreaks (26-94 years) falls within the 
expected range based on historic data for Michigan and the nation. In 2016 and 2017, the average age of the 
cases was approximately three years younger with a two percent lower percentage of male cases than in 2014-
2015. 
 
Enhanced information for comparison between outbreak and non-outbreak years is only available for cases from 
2014-2017, when a supplemental data collection tool developed in 2015 was employed in response to the 
outbreak. Eighty-four percent of the 2014 and 2015 cases presented with existing underlying medical conditions, 
compared to 73 percent of the 2016-2017 cases. Not only does the presence of existing risk factors increase the 
likelihood of infection following exposure to Legionella, but the higher percentage of co-morbidities can be 
associated with a higher risk of hospitalization for treatment at the hospital where the exposure to Legionella 
bacteria took place. 
 
The distribution of cases from 2014-2015 was consistent with other healthcare associated outbreak described in 
literature that included cases with increased median age and a higher case fatality rate1,2,3. Prior to the 2014-2015 
outbreak years, Genesee County cases presented with a younger median age (53 years) and greater proportion of 
male patients which is consistent with community acquired LegionnairesΩ Disease patterns nationally 1,2,3.  
 
Sources: 
1 Garrison LE, Kunz JM, Cooley LA, et al. Vital signs: deficiencies in environmental control identifƛŜŘ ƛƴ ƻǳǘōǊŜŀƪǎ ƻŦ [ŜƎƛƻƴƴŀƛǊŜǎΩ ŘƛǎŜŀǎŜτNorth 
America, 2000ς2014. MMWR Morb Mortal Wkly Rep 2016;65:576ς84.  
2 Jespersen S, Søgaard OS, Schønheyder HC, et al. Clinical features and predictors of mortality in admitted patients with community- and 
hospital-acquired legionellosis: A Danish historical cohort study. BMC Infectious Diseases 2010;10:124. 
3 Phin N, Parry-CƻǊŘ CΣ IŀǊǊƛǎƻƴ ¢Σ Ŝǘ ŀƭΦ 9ǇƛŘŜƳƛƻƭƻƎȅ ŀƴŘ ŎƭƛƴƛŎŀƭ ƳŀƴŀƎŜƳŜƴǘ ƻŦ [ŜƎƛƻƴƴŀƛǊŜǎΩ ŘƛǎŜŀǎŜΦ Lancet Infect Dis 2014;14:1011-21. 
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wŀǘŜǎ ƻŦ [ŜƎƛƻƴƴŀƛǊŜǎΩ 5ƛǎŜŀǎŜ ōȅ /Ŝƴǎǳǎ ¢ǊŀŎǘ ǇŜǊ 100,000 
Population τGenesee County, Michigan, 2014ς2015

Case rates per 100,000 
residents, by census tract

Cases rates of all confirmed cases associated with Genesee County Cases rates of all confirmed cases associated with Flint
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¢ƘŜ ǿŀǘŜǊ ǎƻǳǊŎŜ ŀǘ ǘƘŜ ǇŀǘƛŜƴǘΩǎ ŀŘŘǊŜǎǎ ŘǳǊƛƴƎ ǘƘŜ ŎŀǎŜΩs incubation period was assessed. This relevant address 
identifies where the patient spent their incubation period, regardless of permanent residential address. This 
assessment did not specify the amount of time the patient may have spent at that address in the two weeks prior 
to illness onset.  
 
The number of cases in a geographic area divided by the number of people who live there is called an incidence 
rate. The rate makes it possible to compare the number of cases of a disease in geographic areas of different 
population sizes.  
  
These maps shoǿ ǘƘŜ ǊŀǘŜǎ ƻŦ [ŜƎƛƻƴƴŀƛǊŜǎΨ 5ƛǎŜŀǎŜ ƛƴ DŜƴŜǎŜŜ /ƻǳƴǘȅ ŀƴŘ ǘƘŜ /ƛǘȅ ƻŦ Cƭƛƴǘ ōȅ ŎŜƴǎǳǎ ǘǊŀŎǘ ƻŦ ǘƘŜ 
ǇŀǘƛŜƴǘǎΩ ƛƴŎǳōŀǘƛƻƴ ǇŜǊƛƻŘ ǊŜǎƛŘŜƴŎŜ ŦƻǊ нлмп ŀƴŘ нлмрΦ 

¶ Rates are per 100,000 residents per year 

¶ The dark black outline depicts the boundary of the City of Flint (enhanced in the second map) 
o Note: Not all census tracts within Flint municipal boundaries are on the Flint water system; the water 

also system extends beyond the municipal boundaries in several locations; some residents outside 
the Flint municipal boundaries are on Flint water. 

¶ The colors in the map correspond to the rate of cases (see legend). For example, dark purple indicates 
census tracts where there were more than 70 to 80 cases of Legionnaires' Disease per 100,000 people. 

 
The cases of Legionnaires' Disease were distributed throughout Genesee County in both years. While there was 
considerable variability in rates by census tract, there is no evidence of strong clustering, either within Flint or the 
rest of Genesee County.  
 
These rates do not allow for assessment of any possible small-scale clustering (one to five cases) geographically. 
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